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Abstract 
A new mesoscopic simulation method, dissipative particle dynamics (DPD), is applied to model suspensions. DPD 
is a coarse-graining technology, in which several atoms are united into a single simulation particle so that simulation 
is realized in a larger length scale and time scale. Now this method has been widely used in simulating the rheology 
of colloidal suspensions, and mainly focused on the equilibrium dynamics and the steady-state shear rheological 
behaviors for a range of suspensions volume fractions. It is shown that the diffusion coefficient of dispersion 
decreased, but the viscosity of suspension increased at a given shear rate with the increase of volume fractions of 
suspension particles; the viscosity decreased with the increase of shear rate at the same volume fractions of 
suspensions. 
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1. Introduction 
The rheological properties of concentrated colloidal dispersions are of a fundamental and widespread interest, 
with many industrial applications, ranging from foodstuffs and chemicals to the upstream and downstream units of 
the oil industry. An important challenge in such contexts is to be able to control the properties (both equilibrium and 
dynamic) of such materials. In recent years, computer simulation approaches have emerged as an important tool to 
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address this challenge and to predict the properties of such complex fluids and their relationships to the interaction 
characteristic of their constituents.  
A few years ago, a proper simulation method, the Dissipative Particle Dynamics (DPD), was first introduced by 
Hoogerbrugge and Koelman[1]. This method is based on the theory of soft ball model to study the rheological 
properties of complicated fluid. In essence, DPD is a mesoscale simulation technique wherein the fundamental 
entities are coarse-grained “particles”, which correspond to a lumped representation of a collection of solvent 
molecules. The number of molecules per DPD particle is known as the coarse-graining parameter and is denoted by 
Nm. In view of their coarse-grain nature, these particles interact throught effective potentials which are much softer 
between a pair of solvent molecules. DPD is intrinsically a coarse-graining technique, and thus it is interesting to 
evaluate the accuracy of DPD simulation results as a function of the number of molecules per DPD particle. 
Although coarse graining makes the simulation results miss local atomic details, but it does not distort the physics in 
the larger space and longer time scales. At this point, we are interested in the movement of lumped molecules 
instead of individual molecules. Compared with the conventional molecular dynamics (MD),   DPD can be used to 
simulate dynamical phenomena over much longer time scales because of the bigger size of the DPD particles and 
the softer intercations[2]. 
The DPD method has been used with success to study a variety of dynamical phenomena in a number of complex 
fluids, including colloid suspension systems[3,4], phase ordering in surfactant solutions[5,6], microphase separation 
dynamics[7], dynamics of lipid bilayers[8], shear effects on polymer brushes[9,10], etc. Zhou[11] presented a 
colloid model based on DPD, with full considerations of the hydrodynamic and electrostatic interactions. Dzwinel, 
etc.[12] simulated the case where the colloidal particles were smaller in size than the solvent DPD particles, and 
compared the diffusion of particles and the effect of shear rates on viscosity. Pryamitsyn, etc.[2] realized the 
simulation in larger volume fraction and obtained some characteristics of suspensions. This article focuses on using 
the DPD idea to address the rheology of solute immersed in complex fluid solvents under shear to capture the 
dynamical and rheological properties of colloidal suspensions with the same particle size. 
2. Model and simulation detail 
2.1. Dynamic equations 
For the standard DPD method, the motion of DPD particles is governed by Newton’s second law of motion. For a 
simple DPD particle i,  
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Where FijC, FijD and FijD represent conservative force, dissipative force, random force, respectively. Here, the 
summation of forces runs over all other particles within a certain cut-off radius rc, which is usually taken as unity 
(rc=1), but it can take on different values for different types of forces. In the DPD algorithm, the conservative force 
is a soft repulsion acting along the line centers and is given by 
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Where aij is a repulsion coefficient between particle i and particle j; and rij=ri-rj, ij ijr r , ij ij ijr r r , rc is the 
interaction cut-off radius. The remaining two forces are dissipative force and random force. They are given by  
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Where ωDandωR are weight functions vanishing for rij>rc, and θij is a randomly fluctuating variable with Gaussian 
statistics. The pairwise dissipation and random forces work as a thermostat, but conserve momentum and therefore 
preserve the hydrodynamic methods. In the DPD simulation the cut-off radius rc is the unit of length. To ensure the 
Bolzmann distribution is achieved at equilibrium, we require 
2(r ) [ (r )]D Rij ijZ Z                                                                                                                                              (6) 
2 2 Bk TV J                                                                                                                                                           (7)
Here T is the target temperature of the simulation, which is the energy scale divided by Boltzmann's constant kB in 
reduced unit. For simplicity, ωD(rij) is chosen to be (1-rij/rc), which defines the same interaction region as for the 
conservative force coefficients for particles i and j, respectively. Also, a=aij= i ja a , where ai and aj are 
conservative force coefficient for particles i and j, respectively. 
2.2. Parameters and simulation details 
 In our simulation, the conservative force parameter was set to a=25, and the dissipative parameters were defined  
γSS=γCS=γcc=45, and the temperature was kBT=1. According to equation (7), we knew σ=3. In principle, one can tune 
the values of aij and γ to match the compressibility and the viscosity of the DPD solvent. In the present research, we 
are mainly interested in the qualitative trends and results from our suspension model, whence eschew 
parametrizations mapping our suspension to “real” suspensions. Here the mass of solvent was defined 1 and the 
mass of a colloid particle was chosen as mc=100, and the radii of particles were all defined as rs=rc=1. The values 
chosen for the cut-off radius of the interactions require some comments. Here, the cut-off radii for solvent-solvent, 
solvent-solute and solute-solute were chosen to be 1 for computing simple. In order to simulate a suspension 
undergoing steady uniform shear, sliding periodic boundary conditions with a three-dimensional simulation box had 
used, having a size of 20h20h20. Futher more, all simulations were performed in normalized units so that all 
parameters were dimensionless to decrease the time spent. In all calculations, the simulation steps were 8000 and 
time step was 0.02. The suspension system was   consisted of the solvent and solute particles in proportion and 
information is listed in Table 1. 
Table 1. Information of each simulation  
N0 wt(%) Φ˄%˅ number of solute ˄Nc˅ number of solvent˄Ns˅ 
1# 5 0.0525 12 22848 
2# 10 0.1108 24 21669 
3# 15 0.1760 36 20479 
4# 20 0.2500 48 19200 
5# 25 0.3315 60 18098 
6# 30 0.4259 72 16907 
3. Results and discussion  
3.1. Equipment mean-squared displacements and long-time diffusion 
In order to stress the equipment dynamic characteristics of the suspension, we computed the mean-squared 
displacements (MSD) of the colloids, corresponding to the simplest time dependent correlation functions for our 
system. In three dimensional periodic equilibrium systems, the MSD of atom is related to the diffusion coefficient 
D0 through the Einstein relation 
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The equation implied that for large times the mean-square displacement grows linearly. The diffusion coefficient 
D0 is obtained by calculating the slope of MSD versus time in the regime. 
In Fig 1.(a) we plot the MSD for different volume fraction of suspension, showing linear growth with time, as 
expected. The long-time diffusivities of the colloidal suspensions extracted from the slope of the long-time MSDs 
are displayed in Fig 1(b). It can be seen that the values of D0 decrease gradually with volume fraction. It means that 
with the increase of volume fraction of suspension, it becomes harder for the solid particles to diffuse and the 
diffusion coefficient decreases gradually. 
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Fig 1.(a) Equilibrium mean-squared displacements (MSD) of suspensions particles as a function of time for different volume 
fractions of colloids Φ ; (b) Suspensions particle diffusion coefficient D0 vs volume fraction of colloid particles Φ. 
3.2. Shear rheology 
In these sections, we present our results for the rheology of suspensions. We have investigated the shear behavior 
of a suspension containing a lower volume fraction of spheres. Simulations were performed at shear rates in the 
range of 2*10-6<γ<2*100. The measured viscosities are shown in Fig 2.(a) as a function of shear rate. It is noticed 
that all volume fractions display the low shear rheology exhibiting where the viscosity decreases as a function of the 
shear rates and decreases more clearly at lower shear rates. In addition, the viscosities show big values at larger 
volume fraction at the same shear rates. Shown in Fig 2.(b) are the results for the effect of volume fraction on the 
shear viscosity at γ=2*10-3. It’s clearly seen that the viscosity increases slowly at low volume fractions, while for 
denser systems the increase become rapid. For the same size of particles, the increase of dispersed phase leads to the 
increase of particles interaction and the number of molecules in per unit volume, which result in the increase of the 
suspension structure strength and the resistance for continuous phase flow. Therefore,the viscosity is higher. 
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Fig.2 (a) Effect of shear rate on viscosity; (b) Effect of volume fraction on viscosity  
4. Summary and outlook 
This work focuses on a range of rheological behaviors over a range of volume fractions of the suspension. We 
have examined the DPD approach to model rheology of suspension system on the dynamical and rheological 
properties of colloidal suspensions of a simple fluid solvent in detail. The results indicated that the viscosity clearly 
increased and the diffusion coefficient gradually decreased with the increase of volume fraction of colloids in the 
system of colloid suspension. Meanwhile, the viscosity decreased with the increase of shear rate, and decreased 
quickly at lower shear rate. The results showed a remarkable regularity indicating that the simulation approach 
outlines here can be used to examine the rheological properties of suspension in a complex fluid solvent and will be 
explored in the future work. 
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